ABSTRACT
Introduction
Studies into the coordination chemistry of dichalcogenoimidodiphosphinates HN(R2PE)2 (E=O, S, Se) and related compounds have attracted much attention due to their easy preparation and analogy to β-diketonates [1] [2] [3] [4] [5] [6] [7] [8] [9] . There have been a renewed interest in the metal complexes of this class of compounds in view of their increasing use as suitable singlesource precursors for the production of binary metal chalcogenide thin films ME (M = Zn, Cd or Hg; E = S, Se or Te) as well as ME quantum dots [10, 11] . There is rather less work on alkyl analogues of the type R ' N(R2PE)2 (R ' = alkyl), especially those containing R as terminal dialkylamino groups (R2N) [12] [13] [14] . For instance, the nonamethylimidodiphosphoramide, MeN[P(O)(NMe2)2]2 (NIPA), has been shown to be an excellent extracting ligand of metal ions and the corresponding complexes with Al, Be and Cd have been reported [13] . In related work, the preparation and kinetic studies of Cd and Zn complexes with the thio analogue, MeN[P(S)(NMe2)2]2 (SNIPA) were also investigated [14] . More recently, complexes of cadmium and zinc with the selenide analogue, MeN[P(Se)(NMe2)2]2 (SeNIPA), have been reported though their characterisation was limited to spectroscopic techniques [15] .
We have previously reported on the coordination complexes of neutral monodentate phosphine chalcogenides of the type (R2N)3PE (E = S, Se or Te) with cadmium(II) and mercury(II) and showed that these complexes could be used as precursors for the production of metal chalcogenide nanoparticles [16, 17] . 
Results and discussion

Synthesis
The compound bis(dipiperidinylphosphino)methylamine, MeN(PPip2)2, was prepared in a 68% yield using a method previously reported for MeN[P(NMe)2]2 [18] and was oxidised by sulfur or selenium in refluxing toluene to produce the two new bidentate ligands 1 and 2 as shown in Scheme 1. The IR spectra of 1 and 2 show characteristic stretching vibrations at 623 and 580 cm -1 attributed to P=S and P=Se bonds, respectively.
Reaction of cadmium or mercury chlorides in ethanol solution with the ligand 1 or 2 produces the complexes CdCl2L (L = 1 (3); 2 (4)) and HgCl2L (L = 1 (5); 2 (6)). These were purified by recrystallisation in a mixture of dichloromethane and hexane to give the pure complexes as white or yellow solids that are soluble in dichloromethane and chloroform.
Conductivity measurements show the complexes to be nonelectrolytes and the relatively higher values measured for Cd complexes 3 and 4 are probably due to their better solubility in acetonitrile and/or extensive dissociation in this solvent compared to Hg complexes 5 and 6.
All complexes 3-6 and their ligands 1 and 2 are stable in air and to oxidation, but some times precipitate elemental chalcogen if left for a long time in chlorinated solvents. 
NMR Studies
The NMR data on ligands 1 and 2 and their metal complexes 3-6 are shown in Table 1 . For example, the 1 H NMR spectra of 1 and 2 show in addition to the piperidinyl protons a triplet at 3.04 ppm for the protons of the bridging methylamino group due to coupling to the two equivalent phosphorus nuclei ( 3 JH-P = 15.0 and 13.5 Hz for 1 and 2, respectively) ( NMR spectra of all the complexes 3-6 which show relatively broad signals even at 188 K, instead of the expected triplet observed previously for the cadmium complex with the dimethylamino analogue, SeNIPA [15] . This difference is likely due to steric hindrance in the piperidinyl derivatives 1 and 2.
If ligands 1 and 2 adopt the anti conformation in solution, as is the case in the X-ray solid state structure, two doublets should be observed in their 31 P NMR spectra as previously reported for i PrN(R2PO)2 [12c]. However the relatively broad 31 P NMR signal displayed at room temperature is retained even at 178 K. This could be attributed to a rapid P-N bond rotation even at the lowest temperature attainable, presumably due to the less sterically hindered group (Me) present on the bridging nitrogen atom.
X-ray structures
The geometries of ligands 1 (Fig. 3) and 2 (Fig. 4) are similar; the only difference being the nature of the chalcogen. These were obtained after recrystallisation form n-hexane at -40 °C. The P-E bond lengths in 1 and 2 (Table 2) (Table 3 ), but the effect being less pronounced owing to the absence of such delocalisation (neutral ligands being complexed). Cd and 199 Hg) spectroscopy and in the solid state by single crystal X-ray analyses. The two ligands 1 and 2 were shown to adopt anti conformation structures in the solid state with the two P=E groups rotating in the opposite direction with respect to the P-N-P plane. In addition, the X-ray structure of the complex 3
shows that it contains one ligand S,S'-coordinated to the metal centre in a distorted tetrahedral arrangement. The reactions of ligands 1 and 2 with other metal ions as well as the use of complexes 3-6 as single source precursors for the preparation of metal chalcogenide nanoparticles is already underway in our laboratory.
Experimental section
Reagents and general procedures
All preparations were carried out under a nitrogen atmosphere in solvents dried by standard techniques [21] and stored over molecular sieves. PCl3 (Fluka), piperidine (Fluka), CdCl2 (Merck) and HgCl2 (Merck) were used as received.
Instrumentation
The NMR spectra were recorded on Bruker AC-300 instrument, equipped with a The IR spectra were recorded on a Thermo Scientific Nicolet IR200 spectrometer. The conductivity measurements were carried out for 10 −3 M solutions of the complexes dissolved in acetonitrile (dried on molecular sieves).
Preparation of MeN(Pip2P)2 (Pip: piperidinyl group)
To a stirred solution of (Cl2P)2NMe [22] [23] [24] 
General procedure for the preparation of complexes 3-6
To a stirred solution of the metal chloride (1 mmol) in ethanol (20 mL), the ligand (1 or 2) (1 mmol) dissolved in dichloromethane (5 mL) was added dropwise. The reaction mixture was stirred for 2 h. After solvent evaporation, the solid obtained was washed with anhydrous diethyl ether, dried in vacuo and recrystallised from a mixture of hexanedichloromethane to give the complexes as white solids which become yellow to orange on storing.
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Crystal structure determinations
X-ray analyses for 1 and 2 were performed using a Rigaku Sealed tube generator and Saturn 724 detector at 125 K and for 3 using a Rigaku FRX (dual port) rotating anode/confocal optic high brilliance generator with Dectris P200 detectors, and Oxford Cryostream Cobra accessory at − 180(1) °C. All data were collected with Mo-Kα radiation (λ = 0.71073 Å) and corrected for Lorentz and polarisation effects. The data for all of the compounds were collected and processed using CrystalClear (Rigaku) [25] . The crystal structures were solved using direct methods [26] or heavyatom Patterson methods [27] and expanded using Fourier techniques [28] . The non-hydrogen atoms were refined anisotropically, hydrogen atoms were refined using the riding model. All calculations were performed using CrystalStructure [29] crystallographic software package and SHELXL-97 (Table 4 ) [30] . 
Figure captions
Scheme 1: Preparation of MeN(Pip2PE)2 (1 and 2).
Scheme 2: Preparation of complexes MCl2L (3-6).
Fig. 1
1 H NMR spectrum of ligand 2 in CDCl3 at 298 K. 
